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WEB INFORMATION PRESENTATION 
STRUCTURE FOR WEB PAGE AUTHORING 

RELATED APPLICATIONS 

0001. This patent is related to U.S. patent application Ser. 
No. 09/893,335, filed on Jun. 26, 2001, titled “Function 
based Object Model for Use in WebSite Adaptation”, which 
is incorporated herein in its entirety by reference, and is 
hereinafter referred to as the “Related Patent”. 

TECHNICAL FIELD 

0002 This invention relates to methods and systems for 
presenting and rendering a web page and for adapting a web 
page for presentation or rendering on different devices. 

BACKGROUND 

0003. The focus of web authoring today is more on 
creating content for the online experience instead of moving 
content initially created for printed pages to the web. When 
creating a new website, a web author first decides what 
content should be presented. The author needs further decide 
how to present the information. A markup language is 
applied to realize the presentation, which gives a physical 
Structure to the web page content. Considering the whole 
process, the Extensible Markup Language (XML) can be 
used to represent the Semantic Structure of a web page and 
many markup languages, Such as Hypertext Markup Lan 
guage (HTML), can be used to represent the physical 
Structure of the web page. The present State of the art, 
however, Still lacks an effective way to represent the pre 
Sentation Structure of a web page that can be used by web 
page authors to easily design the way in which content can 
be presented on a web page. 
0004 Although many authoring tools, such as the 
FrontPage(R) Software provided by Microsoft Corporation of 
Redmond, Wash., USA, have been developed to help authors 
with presentation design, a problem with these tools is their 
lack of an effective way to express and realize presentation 
design. 
0005 The increasing diversity in terms of devices, pro 
tocols, networks and user preferences in today's World Wide 
Web has made adaptive capability somewhat desirable for 
Internet applications. The term “adaptive capability” means 
having the ability to take web page content presented in one 
form (such as that which would be presented in the form of 
a website on a desktop computer) and process it to present 
or display it in another form (such as that which would be 
presented on a handheld device). Present tools achieve Such 
adaptation only under Some special conditions due to the 
lack of Structural information. To achieve adequate adapta 
tion, however, the web page author's intentions with respect 
to the presentation design should be understood and 
reflected in the adaptation. 
0006 The present state of the art of web authoring tools 
has various problems. While there is a general lack of an 
effective way to express web page presentation design, these 
tools are more focused upon physical realization. Neither are 
the Streaming authoring interfaces Suitable for the require 
ment of web presentation design. Web page authors may try 
different presentation Schemes for the same content or adapt 
content to various devices. The present State of the art, 
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however, lacks an effective tool to convert or adapt a current 
presentation design to a new one. Moreover, there is a lack 
of a tool to physically realize the presentation design. 
Although Some web authoring tools do provide conversion 
from a layout design to a physical realization, the final 
results are not Satisfactory. Additionally, dump and verbose 
codes are often generated from these prior art web authoring 
tools. 

0007 Some prior art approaches to representing presen 
tation design mostly focus on printed document presenta 
tion, which is quite different from contemporary web page 
content presentation. Other prior art approaches, Specifically 
for web page content, focus more on the Semantic layout 
Structure of the web page without considering the logic 
relationship of its web page content. AS Such, there is a need 
in the art for an effective way to fully represent the intentions 
of an author of a web page with respect to the presentation 
design of the web page. 
0008 Accordingly, this invention arose out of concerns 
asSociated with providing improved methods and Systems 
for website design, re-authoring, and adaptation. 

SUMMARY 

0009. In accordance with the described embodiments, a 
web page is represented with its layout Structure and logic 
Structure So as to reflect the presentation design intentions of 
the author of the web page using a web information pre 
sentation structure (WIPS). An algorithm is presented to 
automatically detect the WIPS of a web page so as to discern 
the web page author's intentions with respect to the presen 
tation structure of the web page. Using the WIPS disclosed 
herein an author can express a web page presentation design 
and can use an automatic WIPS detection algorithm dis 
closed herein to perform re-authoring of a web page and to 
adapt a web page originally designed for presentation on one 
device to be presented on a different device. The automatic 
WIPS detection algorithm uses a function-based object 
model (FOM) that attempts to understand an author's inten 
tion that underlies an authored website by identifying and 
using object functions and categories. The FOM model aides 
in gaining a thorough understanding of an author's intention 
regarding a website. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 FIG. 1 is a block diagram that illustrates two 
exemplary objects in accordance with the described embodi 
mentS. 

0011 FIG. 2a is a diagram of an exemplary web page 
that illustrates exemplary objects in accordance with one or 
more embodiments. 

0012 FIG.2b is a diagram of FIG.2a that illustrates the 
Spatial relationship of the exemplary objects Separated by 
Separators in accordance with one or more embodiments. 
0013 FIG. 3 is a diagram that is useful in understanding 
aspects of one or more described embodiments. 
0014 FIGS. 4a through 4c are diagrams that are useful 
in understanding aspects of one or more described embodi 
mentS. 

0015 FIG. 5 is a diagram of an exemplary web page 
having a shape with an undesirable Separator there through. 
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0016 FIG. 6 is a flow diagram of a decision-making 
proceSS in accordance with one or more embodiments. 
0017 FIG. 7 is a flow diagram of a decision-making 
proceSS in accordance with one or more embodiments. 
0.018 FIG. 8 is an exemplary user interface display for 
Web page design. 
0019 FIGS. 9a through 9c are block diagrams of exem 
plary computer architectures in accordance with one or more 
embodiments that are useful, respectively, for web page 
presentation design, re-authoring, and adaptation. 
0020 FIG. 10 is a diagram of an exemplary web page, 
and a diagrammatic representation of an inventive adapta 
tion process. 
0021 FIG. 11 is a block diagram of an exemplary 
computer environment in which various embodiments can 
be practiced. 

DETAILED DESCRIPTION 

Overview of Web Information Presentation 
Structure 

0022. A Web Information Presentation Structure (WIPS) 
can be used in the design of a web page, in re-authoring a 
web page not originally designed using WIPS, and for an 
adaptation of a web page for presentation on a different 
device that it was originally designed to be presented on. 
Re-authoring and adaptation features an automatic WIPS 
detection algorithm that uses a function-based object model 
(FOM) as described in the Related Patent. FOM attempts to 
understand an author's intention that underlies an authored 
website. It does So by identifying and using object functions 
and categories. In accordance with FOM techniques, a 
website is analyzed to identify objects that are associated 
with that website. The objects are then classified as Basic 
Objects (BO) and composite objects (CO), as seen in FIG. 
1. Each object comprising part of a website Serves certain 
functions that reflect an author's intention regarding the 
purpose of the object. Based on this observation, the FOM 
model aides in gaining a thorough understanding of an 
author's intention regarding a website. FOM also provides a 
rule-based approach to automatically adapting the web 
pages of a website from one device to a different device in 
a manner that preserves, to a desirable degree, the author's 
original intention with respect to the website. 

Web Page Design Using WIPS 
0023 Considering the process of presentation design for 
a new web page, at the beginning the author gatherS all the 
Basic Objects for the presentation. A Basic Object is the 
Smallest unit of a web page, which cannot be further divided 
into Smaller parts to perform Some certain functions. The 
author then groups related Basic Objects together to achieve 
a major function. This group of Objects is called a Com 
posite Object, as described in the Related Patent. The author 
needs to further consider where to position the Composite 
Object on the web page. The choices for position are a 
header position, a footer position, a left position, a right 
position, and a body position. Different positions may have 
different implications for the purpose and major function of 
the Composite Object. For example, a particular portion of 
a web page content that is positioned at the top part of a web 
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page may serve as a header, thus indicating that the major 
function of the particular portion is that of a headline or an 
abstract for the web page. Composite Objects can be further 
grouped into a more complex Composite Object. This 
grouping can be recursively performed until all the objects 
in a Web page are grouped together. 
0024. During the web page design process using WIPS, 
and in order to fully express the presentation design inten 
tions, the web page author can consider the following issues: 

0025 (i) when grouping components into a Com 
posite Object, the author needs to consider which 
objects should be grouped together into a Composite 
Object and what major function the Composite 
Object will accomplish or purpose the Composite 
Object will serve; 

0026 (ii) when choosing a position at which the 
Composite Object is to be positioned, the author 
should consider what implication the position will 
have for the Composite Object; and 

0027 (iii) the author should also consider how the 
Composite Object should be visually separated and 
presented on the web page. 

Web Page Re-Authoring Using WIPS 

0028 WIPS can be used to represent the layout structure 
of a web page, which is the result of dividing and Subdi 
Viding the content of a web page into increasingly Smaller 
parts, on the basis of the presentation intentions of the web 
page author. The layout Structure of the web page includes 
the Structure of Composite Objects and how they are sepa 
rated from each other. WIPS also represents the logic 
Structure of objects based on their human perceptible mean 
ing, which includes both functional and positional properties 
of the objects. 

Exemplary Definition of WIPS 

0029 Based on the foregoing discussion, a WIPS for a 
web page can be described in one implementation as the 
quintuple of variables expressed in Equation (1) which are 
derived from Equations (2)-(7): 

WIPS=(O.D.8,fp), such that (1) 

O={O1, O2, ..., O}: (2) 
where O={O}*, (3) 
d={d, d, ..., d., (4) 
8=OxO->dU{NULL}, (5) 
f(O)6{Information, Navigation, Decoration, Interac 
tion, Mixture, and (6) 
p(O)6{Header, Footer, Left, Right, Body. (7) 

0030) In Equations (2)-(3) and (5)-(7), O is a finite set of 
objects, including Basic Objects and Composite Objects. 
Each Composite Object can be viewed as a sub-WIPS. In 
Equation (4) is a finite set of Separators in vision, including 
horizontal and vertical separators. In Equation (5) 6 is the 
relationship of every two objects. Suppose O, O,O, 8(O, 
O)-NULL indicates that O; and O, are exactly separated by 
the separator 6(O,O). Alternatively, the two objects (O,O) 
are adjacent to Some extent. Otherwise there are other 
objects between the two objects (O, O.). 
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0031. In Equation (6), f is the functional property of an 
object, which reflects the intentions of the author of the web 
page towards what major function the object achieves or 
what purpose the object Serves. These major functions can 
be an information function, a navigation function, a deco 
ration function, an interaction function, or a mixture func 
tion. A detailed description of object functions and their 
corresponding function-based object modules (FOM) is set 
forth in the Related Patent, which has been incorporated 
herein by reference. 
0032. In Equation (7), p is the positional property of an 
object, which reflects the intentions of the author of the web 
page towards which position on the web page the object is 
to be situated. More than one object can be in the same 
position on a web page. The web page may have any of five 
(5) different positions, including a header position, a footer 
position, a left position, a right position, and a body position. 
The header position can Serve the purpose of representing a 
headline on the web page or an abstract for the web page. 
The header position also can Serve as a means of giving 
highlight information. The footer position generally Serves 
the purpose of providing a location on the web page where 
annotations are made Such as copyright notices or contact 
information for a web master of the web site or the web 
page. The left and right positions on a web page are 
generally side bar locations that provide navigational func 
tions which can be used to help users browse through the 
website. The body position is the major part of a web page 
which presents major content of the web page to users. Each 
web page need not necessarily include all of the five (5) 
positions, but may only include Several of these positions. 
0033 According to the exemplary definition of WIPS, 
Equations (2)-(5) represent the layout structure of a web 
page, while Equations (6)-(7) represent the logic structure of 
the web page as expressed in the properties of the objects of 
the web page. Based on this exemplary definition of WIPS, 
web page authors can easily represent their presentation 
design in a formulaic manner. 
0034 FIGS. 2a-2b and 3 give an example of a web page 
in which WIPS is used in which the three variables (O.D.6) 
defining the layout Structure of a web page of the quintuple 
of Equation (1) can be expresses as: 

and 

(O1, O2) L 
(O2, O3) L2 
O3, O L o-oxo, al'' – ' 
(O4, Os) L4 
(O5, O6) L5 

else NULL 

0035). As can be seen in FIG. 2b, object O. has a 
navigation function (f(O)=navigation) and the header posi 
tion is assumed by object 1 (p(O)=header). On the web 
page Seen in FIG. 2a, horizontal SeparatorS L-Ls have been 
designed and are reflected in FIG.2b. The panels 202, 206, 
208, 210, 212, and 214 seen in FIGS. 2a-2b respectively 
reflect objects O-O seen in FIG. 2b, and are seen as 
Composite Objects in FIG. 3 that are illustrated as being 

Oct. 14, 2004 

further subdivided. For example, Composite Object O. can 
be divided into the two Sub-objects O and O2, respec 
tively seen in panels 202 and 204, by a vertical separator 
which is normal to each horizontal Separator L-Ls, respec 
tively seen dividing panels 202,206, 208,210, 212, and 214. 

Automatic WIPS Detection 

0036) WIPS can be used to analyze the contents of a web 
page. This analysis assists in discerning the intentions of the 
author of the web page with respect to how the contents of 
the web page should be presented So that a reader/viewer of 
the web page will properly understand what was intended to 
be conveyed by the content on the web page. AS Such, the 
detection of WIPS from existing web pages can be useful in 
re-authoring web page content, in adaptation of web page 
content from one device to a different device, and for 
retrieving information from a web page. Although it is 
desirable that additional information be added for the gen 
eration of WIPS in the authoring phase, authors actually tend 
not to do so. Thus, automatic detection of WIPS for a web 
page can be significantly useful. 
0037 WIPS detection is a reverse process to authoring a 
web page with WIPS. WIPS detection begins with the 
physical Structure of the web page content on a web page So 
as to determine the presentation Scheme that was used by the 
author of the original web page. 
0038 Automatic WIPS detection is used to establish the 
quintuple of Equation (1) by first detecting the layout 
Structure of the original web page by deriving the variables 
Od,ö in Equations (2)-(4), and then by detecting the logic 
Structure of the original web page by deriving the variables 
p(O) and f(O) in Equations (5)-(6). 
0039. In this patent, a top-down, tag-tree independent 
approach based on the vision of the viewer/user when 
Viewing a web page is proposed to detect layout Structure of 
WIPS. The approach simulates how a user understands the 
web layout Structure of the web page when the user browses 
the web page. Automatic WIPS detection is independent to 
physical realization and is efficient when the physical Struc 
ture is significantly different from the layout Structure. 
Additionally, as discussed below, the logic Structure of the 
web page is also detected, which is complementary to layout 
structure for the generation of WIPS. 
0040. In the following two (2) sections, the layout and 
logic structures for WIPS are respectively discussed. 

WIPS Layout Structure Detection 

0041) Detection of the layout structure of a web page is 
made by the division and repeated subdivision of the web 
page into increasingly Smaller objects. The resultant layout 
Structure, after the repeated divisions, can be represented by 
a geometric tree as in FIG. 3. To construct the layout 
Structure of the web page, the Basic Objects are extracted 
from the physical Structure, Such as from the tag tree of the 
mark up language. The extracted Basic Objects are then 
Subjected to a preproceSS in order to find and group together 
apparent Similar objects or discard Some tiny decoration 
objects. This preprocess Serves to reduce the computing 
complexity and minimize the influence of tiny decoration 
objects. After the preprocess, and based on how a viewer/ 
user is intended to view the web page, the whole web page 
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is divided into Several blockS. To do So, a division proceSS 
is used. The division process projects each of the blocks on 
to a pair of normal axes to determine Separators between the 
blockS. Adjacent blocks are merged in a merging proceSS 
according to their visual Similarities. These division and 
merging processes continue recursively until the layout 
Structure of the whole page is constructed. For the detection 
of the layout Structure of a web page, each of the division 
process, the merging process, and the preproceSS are further 
discussed below for one implementation. 

The Division Process of the WIPS Layout Structure 
Detection 

0042. The Division process uses a projection process. 
The projection process refers to the mapping of a web page 
into a waveform whose value is the Sums of the values of the 
object weights along an axis of projection. All objects in a 
web page are contained in rectangular blockS. Blanks are 
placed between these rectangles. Thus, the projection profile 
of the rectangles of the objects and the blanks is a waveform 
whose deep valleys correspond to the blank areas of the web 
page. A deep valley with a width greater than an established 
threshold can be considered as a separator between objects, 
where the Separator is normal to the axis of projection. The 
projection process can be performed recursively until all the 
objects are located and each Separator between respective 
rectangles has been determined. FIGS. 4a through 4c gives 
an example of the projection process where rectangle con 
tains an object and is projected along a projection axis. The 
Sub-lines in the projection axis without any objects project 
ing into the projection axis indicate the Separators, Such as 
is seen at L and L in FIG. 4a. 
0.043 FIG. 4c shows the results of the projection process 
performed from shapes that are rectangles in FIG. 4a. Note 
that other shapes could also be used. Let {O.O., . . . .O. 
be the n objects in the current block containing rectangles, 
ands, et be the starting and ending points of object O, along 
an axis of projection. All separators d={L.L., ...,L} are 
to be found along the axis of projection. The axis link can 
be used to assess the value of point j along the axis of 
projection. Then the weight value of O, (1 by default) should 
be added to linki, where Sisj<e. The variable j is consid 
ered as a separator point if link is Zero or otherwise below 
a predetermined threshold. An algorithm description, in one 
implementation, for the projection process follows. 
0044) Let C be the set of the starting and ending points of 
all the objects, where: C=(U{s})U(U{e}), C=K. The 
elements in C are then Sorted into ascending order. Let 
linkO=0. After the shapes (e.g. rectangles) containing all 
objects are then projected onto the axis of projection, then 
for (j=1j<=Kj++) link=link+c-d, where c is the num 
ber of objects with starting points at C, and where d is the 
number of objects with ending points at C. Note that the 
default weight of each object can be used and that different 
weights can be applied to decide link for a more or less 
accurate result. Thus, Sub-line C+1 . . . C+1-1 is a 
Separator if link is 0. 
004.5 The foregoing algorithm requires a cost of O(n) in 
computing time because each step above costs O(n) in 
computing time. Using the algorithm above, separators LO 
. . . t-1 are detected in the X-axis of projection and also 
Separators L0 . . . t-1 are detected in the Y-axis of 
projection. Thus, the division in current level is: 
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0046) O={O, O, . . . , O-1), where Sub 
blocks are indexed from left to right as in FIG. 4b; 
and 

0047) d=L0. . . t-1 ULO. . . t-1); and 
0048) 6(Oct. 1); O)=L-Lil(0sista,0sj<t); 
and 

(0049) 6(Oct. 1); Oct.1)(1))=Lil(0 s ist, Osijst). 
0050 For example, in FIG. 4b, the projection of rect 
angles onto the Y-axis of projection reveals two (2) hori 
Zontal Separators L and L while the projection of rect 
angles onto the X-axis of projection reveals one (1) vertical 
Separator L. These three (3) Separators L-L divide the 
current block into six sub-blocks for objects O-O. The 
seven (7) bidirectional arrows seen in FIG. 4b represent the 
relationship between Sub-blockS and Separators. Thus the 
first three (3) variables (O.D.ö) in the WIPS quintuple of 
Equation (1) are detected. 

The Merging Process of Sub-blocks: Layout 
Structure Similarity 

0051 Since the division process discussed above is only 
related to the position of objects, the Separators detected may 
break a holistic object. Because Some objects on a web page 
are intended by the author not to be divided, but rather were 
intended to be represented as a whole, the merging process 
is performed for Some adjacent Sub-blocks according to the 
following algorithm. 

0052 Simulating the human sensibilities as to whether 
two objects are Similar can be discerned by Visual Similarity 
in order to decide whether two objects are holistic and 
should be merged. The definition of visual similarity in the 
Related Patent can be used in addition to the following 
additional rules that modify visual similarity between 
objects for this patent: 

0053 (i) Distance is a factor used by humans to 
decide Visual Similarity. Let d be the distance 
between two objects. The larger that d is, the less the 
visual similarity is between two objects. Let X be the 
visual similarity as obtained in the Related Patent, 
and a monotone digressive function Dist Modifer(d) 
is applied to embody the impact of distance to 
Similarity: 

0054 x=x-Dist Modifer(d); and 
0055 (ii) Color may have an influence upon a 
human in deciding visual Similarity. Two objects 
with the same distinguished color and background 
color (different from the same of Surrounding 
objects) can be considered to be a whole, thus 
rendering: 

{ 1. Adjacient objects with the same color & background color 
X 

x, Otherwise 

0056 From the foregoing merger process, a decision can 
be made as to whether two adjacent objects should be 
merged according to their visual Similarity. 
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Preprocessing 
0057 Preprocessing can be used to prevent decoration 
objects from enveloping Separators or prevent unexpected 
Separators from breaking object integrity. By way of 
example, FIG. 5 shows a web page having rectangles 502, 
512, and 514. Objects are contained in rectangles 504-510, 
which in turn are contained in rectangle 502. The intention 
of the author of the web page can be determined to represent 
the objects in rectangle 502 has a whole. Nevertheless, the 
proceSS detects a separator 516 that undesirably Separates 
rectangle 502 between rectangles 506 and 508. Thus, pro 
processing can be used to remove the detection of undesired 
Separators. 

0.058 Decoration objects include all invisible objects 
(Such as background music, comment, <BR>, <HEAD> 
objects in HTML) and little sized or non-content text or 
image Such as white Space and So on. These decoration 
objects can be ignored in the projection process to minimize 
their influence. 

0059 Since too many objects in a current block under 
analysis may result in unexpected Separators, which cannot 
be identified with only layout information, functional analy 
sis as described in the presentation re-design and adaptation 
discussion, below, can be applied to prevent these unex 
pected Separators from being detected. Moreover, a Com 
posite Object may be considered as a Basic Object if the 
Composite Object Serves the purpose of achieving an inte 
grated function. In this way, the Composite Object will not 
be broken by an undesired Separator that is detected in the 
projection process. AS Such, the described preprocessing 
decreases the opportunity of detecting unexpected Separa 
tors and thereby reduces computational expense. 

WIPS Logic Structure Detection 
0060. After the WIPS layout structure of a web page has 
been detected, the WIPS logic structure of the web page can 
be detected. WIPS logic structure detection includes a major 
function detection with respect to the functional properties 
of each object of the web page, as well as the detection of 
the type of position assumed by each object. These detec 
tions of the WIPS logic structure of the web page are 
discussed below. 

Major Function Detection of Composite Objects 
0061. In the Related Patent, a detailed scheme for func 
tion-based object models and function detection were dis 
closed. In this patent, additional considerations are added to 
the detailed Scheme of the detection of major functions 
achieved by composite objects on a web page. FIG. 6, which 
gives an implementation of the additional considerations for 
the detection of major functions of Composite Objects, is 
discussed below. Composite Objects can be deemed to 
achieve, overall, one of the following major functions: a 
decoration function, an interaction function, a navigation 
function, an information function, and a mixture function. 
Each of these major functions is discussed below. 
0062) A Composite Object can be adjudged to perform, 
on the whole, a decoration function when all of the objects 
of the Composite Object are decorative. A basic decoration 
object, as discussed above, includes all invisible objects and 
little sized or non-content text or image Such as white Space, 
etc. 

Oct. 14, 2004 

0063 A Composite Object performs an interaction func 
tion when, in the human Visual perception, the content of the 
block in which the Composite Object is defined contains 
interaction elements (e.g. INPUT, SELECT, FORM). Other 
contents inside the block should also be related to the 
interaction contents in order for the Composite Object to be 
deemed to perform an interaction function. 
0064. If most of the components in a Composite Object 
are navigation components (e.g. a simple majority), then the 
Composite Object should be determined to achieve a navi 
gation function. 
0065 Similar to the determination for the navigation 
function, the Composite Object should be adjudged to 
achieve an information function when the majority of the 
objects in the Composite Object are without a hyperlink. 
0.066 Turning now to FIG. 6, a block 602 initiates a 
process 600 for detecting a major function accomplished by 
a Composite Object. At block 604, a determination is made 
as to whether the major function accomplished by the 
Composite Object is that of a decoration function. If it is, 
then process 600 terminates at block 606, but if not, then 
block 608 determines whether the major function accom 
plished by the Composite Object is that of an interaction 
function. If none of the objects in the Composite Objects 
performs an interaction function as determined at block 608, 
then process 600 moves to block 612. If all of the objects in 
the Composite Object are related to an interaction function 
as determined at block 610b, then process 600 terminates at 
block 610a. Otherwise, block 610b determines whether 
objects achieving navigation and/or information are also 
within the Composite Object. If so, then process 600 deter 
mines the major function of the Composite Object to be a 
mixture function at block 616 and process 600 terminates at 
block 620. 

0067. In making the interaction function determination 
with any Composite Object, various techniques can be used. 
In one implementation, the percentage of area taken up by 
the rectangles of the interactive objects within the whole 
rectangle of the Composite Object is examined. If the 
percentage of area of the interaction object rectangles is 
larger than a predetermined threshold, then the major func 
tion of the Composite Object should be deemed to be that of 
an interaction function. Otherwise it should be deemed to be 
that of a mixture function. 

0068 Process 600, at block 612, an examination of the 
Composite Object is made in order to determine if it 
performs a navigation function. If so, then process 600 
terminates at block 614, but if not, then block 616 makes a 
determination as to whether the Composite Object performs 
an information function. If the evaluation at block 616 
deems the Composite Object to perform an information 
function, then process 600 terminates at block 618, other 
wise process 600 terminates at block 620 by determining the 
Composite Object to achieve a mixture function. 
0069. In one implementation, the major function 
achieved by each Composite Object in a web page is deemed 
to be a mixture function when all other function determi 
nations are decided negatively. An exception occurs at the 
interaction function determination in that if the Composite 
Object contains objects achieving both navigation or infor 
mation functions, then the function of the Composite Object 
is deemed to achieve a mixture function. 
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Position Type Detection of Composite Objects 

0070 A Composite Object can be determined to be 
Situated on the web page in one of Several different posi 
tions. These positions are the header position, the footer 
position, the left Side position on the web page, the right Side 
position on the web page, and the body of the web page, each 
of which are discussed below. 

0071. In making a judgment with as to whether a Com 
posite Object occupies the header position on a web page, 
which is the top of the web page, an upper N number of 
pixels of the web page can be defined as the header position. 
The overall shape of the Composite Object, which is gen 
erally made up by the objects therein, Should also be taken 
into account. In one implementation, the flatter that the 
Composite Object appears, the larger the number N should 
be. The footer position judgment can be made Similar to that 
of the header position judgment. 
0.072 In deciding whether a Composite Object occupies 
the left Side position of the web page, a left in percentage 
(e.g. 30% by default) area of the web page can be a 
predetermined threshold. Thus, Composite Objects which 
fall into this region are deemed to be Composite Objects 
with a left position property. The right position judgment can 
be made Similar to that of the left position judgment. 
0073 FIG. 7 shows a process 700 for making a decision 
as to the positional property of a Composite Object, begin 
ning at block 702. From block 702, process 700 moves to 
block 704 where it is decided whether the position of the 
Composite Object is header or footer. If so, process 700 
terminates, respectively, at blocks 706 and 708. If not, then 
process 700 moves to block 710 where it is decided whether 
the position of the Composite Object is left or right. If so, 
process 700 terminates, respectively, at blocks 712 and 714. 
If not, then process 700 terminates at block 716 after 
determining that the Composite Object should take on the 
positional property of the body position. In one implemen 
tation, the header and footer decision is made first. 

Content Authoring based on WIPS 

0074 Content authoring, when based on WIPS, 
expresses a web page with an orientation towards how the 
web page will be presented to a viewer/user. Conversion or 
adaptation of a web page that was conventionally authored 
should also advantageously take a similar approach to 
creating a new web page that preserves the presentation 
design intentions of the author. By using WIPS, a web page 
author need only concentrate on a presentation Scheme in 
performing presentation design, re-authoring and adapta 
tion. Additionally, web pages created with other HTML 
authoring tools can be re-authored based on WIPS. With the 
WIPS detection technology as presented above, the WIPS 
can be extracted from the original web page for content 
re-authoring. 

Presentation Design Based on WIPS 

0075 FIG. 9a illustrates an exemplary system architec 
ture 900 that can be utilized by an author to use WIPS to 
design a web page. Architecture 900 is desirably imple 
mented in Software. A content selection module 902 allows 
the author to Select various objects to be displayed as content 
on the web page. Content Selection module 902 can generate 
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a function-based object model using the techniques 
described in the Related Patent. A layout design module 904 
receives the content Selected by the author from the content 
Selection module 902. As described above, the first three 
variables (O.D.ö) of the quintuple of variables set forth in 
Equation (1) are derived in layout design module 904. A 
logic design module 908 receives the layout design criteria 
from the layout design module 904 based upon the author's 
input. As described above, the last two variables f(O), p(O) 
of the quintuple of variables set forth in Equation (1) are 
derived in logic design module 908. The WIPS web page can 
then be presented at block 910 seen in FIG. 9a. 
0076 Based on WIPS, a process to design the presenta 
tion of a new web page is taken by an author. An example 
of a user interface display 800 that can be used by the author 
is seen in FIG.8. The author first decides a layout structure 
of a new web page which is to be constructed in a work area 
802 of user interface display 800. The author can select the 
layout structure from pre-defined layout styles 804 seen in 
the lower right hand side of the user interface display 800. 
The author can then add panels and parts at Specific positions 
of the web page. Panels are rectangular regions that can be 
laid out on a web page and can contain various parts, 
including text, images, and arbitrary html parts. Panels and 
parts are used together to correspond to respective objects in 
WIPS. The layout structure of WIPS is visually presented 
with nested panels. The logic structure of WIPS is repre 
Sented with the content type of the respective panels and 
parts as a combination of the respective functional and 
positional properties of each. A recursive process is followed 
until all the objects of the WIPS are properly added as panels 
and parts. 

Physical Realization of the WIPS Based 
Presentation Design 

0077. A panel may have many properties such as header, 
footer, function, position, Size, etc. The individual panels are 
implemented as HTML tables. The simplest panel can be a 
Single cell table. The most complex panel requires an outer 
layout table and further nesting of two or more tables for 
each panel in the layout. The rows and cells of each panel 
Support or contain the decorative elements of the panel (eg. 
borders, margins, round corners, drop shadow images, etc.) 
Although panels are realized with HTML tables, they are 
more than just tables, and more than just a way to organize 
a web page. Panels make it easy to create visually Sophis 
ticated layouts that normally require the help of a profes 
Sional graphic designer. Panels can be easily dropped on a 
page in an intuitive, discoverable way with obvious visual 
feedback indicating the outcome of the action. A panel 
master table is generated to contain the WIPS of the page. 
The panel master table is a Zero-border, Zero-cell-padding, 
Zero-cell-spacing table with the Sole purpose of containing 
panels. The master table is re-configured as needed when 
panels are added and removed from the page. There is only 
one master table per page. 

Web Page Presentation Re-design and Web Page 
Adaptation 

0078. During the authoring process it is desirable that 
different presentation Schemes can be tried for the same 
content. On the other hand, the increasing diversity of web 
page content in today's World Wide Web has made presen 
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tation adaptation desirable for web page content. Based on 
WIPS, layout re-design and adaptation is accomplished, in 
part, by a WIPS mapping from the original presentation to 
the new presentation. Re-design and adaptation are realized 
by generating a new layout table and placing panel contents 
from the original page into the newly generated panels. 

Presentation Re-Design 

007.9 FIG.9b illustrates an exemplary system architec 
ture 930 that can be utilized for web page presentation 
re-design based on WIPS. Architecture 930 is desirably 
implemented in Software. AWIPS layout detection module 
914 generates a FOM for an original web page 912 using the 
techniques described in the Related Patent. WIPS layout 
detection module 914 then detects the structures in the 
design of an original web page 912. Optionally, this latter 
Step can also be manually predetermined. The output from 
the WIPS layout detection module 914 is received by a 
WIPS logic detection module 916. As described above, the 
logic structure in WIPS includes functional and positional 
properties of a Composite Object, which reflects the inten 
tion of the web page author towards the web page content. 
Input from a new layout style 918 is used in a presentation 
mapping module 920 to map from the original web page 912 
onto a web page in the new presentation 922. In this 
mapping process, the Composite Objects are mapped from 
the original web page 912 to the new web page of the new 
presentation 922 based on the rule that objects of the new 
web page should have the same logical relationship in the 
new web page as in the original web page 912. 

Presentation Adaptation 

0080 FIG. 9c illustrates an exemplary system architec 
ture 940 that can be utilized for web page presentation 
adaptation based on WIPS. Architecture 940 is desirably 
implemented in Software. WIPS layout detection module 
914 generates a function-based object model for an original 
web page 912 using the techniques described in the Related 
Patent. WIPS layout detection module 914 then detects the 
Structures in the design of the original web page 912. The 
latter Step can, optionally, be manually predetermined. The 
output from WIPS layout detection module 914 is received 
by WIPS logic detection module 916. As described above, 
the logic structure in WIPS includes functional and posi 
tional properties of a Composite Object, which reflects the 
intention of the web page author towards the web page 
content. An adaptation preprocessing module 917 processes 
the output from WIPS logic detection module 916 to con 
form the content of the web page to the constraints and 
objectives of the device for which original web page 912 is 
being adapted. Adaptations are made according to FOM 
adaptation rules disclosed in the Related Patent and, where 
employed, language conversion rules. Input from a new 
layout Style 918 is used in a presentation mapping module 
920 to map from the original web page 912 onto an adapted 
presentation 924. In this mapping process, the Composite 
Objects are mapped from the original web page 912 to the 
web page of the adapted presentation 924 based on the rule 
that objects of the adapted presentation 924 should have the 
Same logical relationship in the adapted presentation 924 as 
in the original web page 912. Accordingly, System architec 
ture 940 produces web-adapted content in the form of the 
adapted presentation 924 from the original web page 912, 
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Such as by adapting a desktop web page display to a display 
for a wireless application protocol (WAP) device. 
0081. A presentation adaptation based on WIPS involves 
device-specific adaptation rules. Based on these rules, Suit 
able presentation Schemas can be generated for a new device 
and the web page adaptation can then be made as a presen 
tation re-design. Discussed below is an example of presen 
tation adaptation for the Microsoft(R) Pocket PC software of 
the Microsoft Corporation, Redmond, Wash., USA. 
0082 To enable users to browse the web easily with 
wireless thin clients using software such as the Microsoft(R) 
Pocket PC Software, prior art approaches of content adap 
tation exist. Most prior art approaches are tag tree based, 
which generally lead to unstable results due to the misuse of 
HTML tags and the complexity of web page content. To 
solve this problem, a WIPS-based approach is proposed. As 
indicated above, to make an adaptation the web page author 
needs to take into account the different capabilities of the 
Microsoft(R) Pocket PC software, which includes that (i) the 
Microsoft(R) Pocket PC software may not support certain 
media types which are Supported by desktop Software; and 
(ii) the display screen of a device executing the Microsoft(R) 
Pocket PC software is relatively smaller than that of a 
desktop device. 
0083 Corresponding to the differences between devices, 
the following device-specific adaptation rules can be 
applied: 

0084 (A) contents with unsupported media types or 
presentation properties are discarded or replaced 
with short text, and 

0085 (B) specific adaptation operations (Zooming, 
splitting and reorganizing) for Some Composite 
Objects may be performed according to the practical 
Situation: 

0.086 (i) large objects Such as large images are 
Zoomed to fit the Small Screen of a device used 
with the Microsoft(R) Pocket PC Software; 

0087 (ii) large pages such as are found on desk 
top displayS may be full of contents that cannot be 
Zoomed. Thus they should be broken into several 
Sub-pages, and 

0088 (iii) there may be unusual web pages that 
cannot be adapted easily. For example, a page with 
a large width and a Small height cannot be adapted 
appropriately through Zooming or Splitting. Thus, 
the layout of the web page should be re-organized. 

0089 Based on the rules above, new layout templates can 
be specified for the Microsoft(R) Pocket PC software. Then 
the adaptation process turns into mapping the WIPS of the 
original web page for a desktop display to the new WIPS for 
a display on a device executing the Microsoft(R) Pocket PC 
Software. Similar to the presentation re-design process, this 
process can also be performed with the layout mapping 
proceSS. 

0090 FIG. 10 shows an example of content adaptation 
from a desktop display to a display that is rendered by the 
Microsoft(R) Pocket PC software. In the adaptation depicted 
in FIG. 10, a WIPS adaptation process 1010 is performed in 
which an original web page 1002 contains three (3) panels 
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1004a, 1006a, and 1008a. Adaptation process 1010 splits 
original web page 1002 and maps each of the three (3) 
panels 1004a, 1006a, and 1008a, respectively, into three 
new smaller web pages 1004b, 1006b, and 1008b. 

Exemplary Computer Environment 

0.091 The embodiments described above can be imple 
mented in connection with any Suitable computer environ 
ment. Aspects of the various embodiments can, for example, 
be implemented, in connection with Server computers, client 
computerS/devices, or both Server computers and client 
computerS/devices. AS but one example describing certain 
components of an exemplary computing System, consider 
FIG. 11. 

0092 FIG. 11 illustrates an example of a suitable com 
puting environment 1100. It is to be appreciated that com 
puting environment 1100 is only one example of a suitable 
computing environment and is not intended to Suggest any 
limitation as to the Scope of use or functionality of the 
inventive embodiments. Neither should the computing envi 
ronment 1100 be interpreted as having any dependency or 
requirement relating to any one or combination of compo 
nents illustrated in the exemplary computing environment 
1100. 

0093. The inventive techniques can be operational with 
numerous other general purpose or Special purpose comput 
ing System environments or configurations. Examples of 
well known computing Systems, environments, and/or con 
figurations that may be suitable for use with the inventive 
techniques include, but are not limited to, personal comput 
ers, Server computers, thin clients, thick clients, hand-held or 
laptop devices, multiprocessor Systems, microprocessor 
based Systems, Set top boxes, programmable consumer elec 
tronics, network PCs, minicomputers, mainframe comput 
ers, distributed computing environments that include any of 
the above Systems or devices, and the like. 
0094. In certain implementations, the inventive tech 
niques can be described in the general context of computer 
executable instructions, Such as program modules, being 
executed by a computer. Generally, program modules 
include routines, programs, objects, components, data Struc 
tures, etc. that perform particular tasks or implement par 
ticular abstract data types. The inventive techniques may 
also be practiced in distributed computing environments 
where tasks are performed by remote processing devices that 
are linked through a communications network. In a distrib 
uted computing environment, program modules may be 
located in both local and remote computer Storage media 
including memory Storage devices. 

0.095. In accordance with the illustrated example embodi 
ment of FIG. 11 computing system 1100 is shown compris 
ing one or more processors or processing units 1102, a 
system memory 1104, and a bus 1106 that couples various 
System components including the System memory 1104 to 
the processor 1102. 

0096 Bus 1106 is intended to represent one or more of 
any of Several types of bus structures, including a memory 
bus or memory controller, a peripheral bus, an accelerated 
graphics port, and a processor or local bus using any of a 
variety of bus architectures. By way of example, and not 
limitation, Such architectures include Industry Standard 
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Architecture (ISA) bus, Micro Channel Architecture (MCA) 
bus, Enhanced ISA (EISA) bus, Video Electronics Standards 
Association (VESA) local bus, and Peripheral Component 
Interconnects (PCI) buss also known as Mezzanine bus. 
0097. Computer 1100 typically includes a variety of 
computer readable media. Such media may be any available 
media that is locally and/or remotely accessible by computer 
1100, and it includes both volatile and non-volatile media, 
removable and non-removable media. 

0098. In FIG. 11, the system memory 1104 includes 
computer readable media in the form of Volatile, Such as 
random access memory (RAM) 1110, and/or non-volatile 
memory, such as read only memory (ROM) 1108. A basic 
input/output system (BIOS) 1112, containing the basic rou 
tines that help to transfer information between elements 
within computer 1100, Such as during Start-up, is Stored in 
ROM 1108. RAM 1110 typically contains data and/or pro 
gram modules that are immediately accessible to and/or 
presently be operated on by processing unit(s) 1102. 
0099 Computer 1100 may further include other remov 
able/non-removable, Volatile/non-volatile computer Storage 
media. By way of example only, FIG. 11 illustrates a hard 
disk drive 1128 for reading from and writing to a non 
removable, non-volatile magnetic media (not shown and 
typically called a “hard drive”), a magnetic disk drive 1130 
for reading from and writing to a removable, non-volatile 
magnetic disk 1132 (e.g., a "floppy disk”), and an optical 
disk drive 1134 for reading from or writing to a removable, 
non-volatile optical disk 1136 Such as a CD-ROM, DVD 
ROM or other optical media. The hard disk drive 1128, 
magnetic disk drive 1130, and optical disk drive 1134 are 
each connected to bus 1106 by one or more interfaces 1126. 
0100. The drives and their associated computer-readable 
media provide nonvolatile Storage of computer readable 
instructions, data structures, program modules, and other 
data for computer 1100. Although the exemplary environ 
ment described herein employs a hard disk 1128, a remov 
able magnetic disk 1132 and a removable optical disk 1136, 
it should be appreciated by those skilled in the art that other 
types of computer readable media which can Store data that 
is accessible by a computer, Such as magnetic cassettes, flash 
memory cards, digital Video disks, random access memories 
(RAMs), read only memories (ROM), and the like, may also 
be used in the exemplary operating environment. 

0101. A number of program modules may be stored on 
the hard disk 1128, magnetic disk 1132, optical disk 1136, 
ROM 1108, or RAM 1110, including, by way of example, 
and not limitation, an operating System 1114, one or more 
application programs 1116 (e.g., multimedia application 
program 1124), other program modules 1118, and program 
data 1120. Some of the application programs can be con 
figured to present a user interface (UI) that is configured to 
allow a user to interact with the application program in Some 
manner using Some type of input device. This UI is typically 
a visual display that is capable of receiving user input and 
processing that user input in Some way. Such a UI may, for 
example, comprise one or more buttons or controls that can 
be clicked on by a user. 
0102 Continuing with FIG. 11, a user may enter com 
mands and information into computer 1100 through input 
devices such as keyboard 1138 and pointing device 1140 
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(Such as a “mouse'). Other input devices may include a 
audio/video input device(s) 1153, a microphone, joystick, 
game pad, Satellite dish, Serial port, Scanner, or the like (not 
shown). These and other input devices are connected to the 
processing unit(s) 1102 through input interface(s) 1142 that 
is coupled to bus 1106, but may be connected by other 
interface and bus Structures, Such as a parallel port, game 
port, or a universal serial bus (USB). 
0103) A monitor 1156 or other type of display device is 
also connected to bus 1106 via an interface, Such as a video 
adapter 1144. In addition to the monitor, personal computers 
typically include other peripheral output devices (not 
shown), Such as speakers and printers, which may be con 
nected through output peripheral interface 1146. 
0104 Computer 1100 may operate in a networked envi 
ronment using logical connections to one or more remote 
computers, Such as a remote computer 1150. Remote com 
puter 1150 may include many or all of the elements and 
features described herein relative to computer 1100. 
0105. As shown in FIG. 11, computing system 1100 can 
be communicatively coupled to remote devices (e.g., remote 
computer 1150) through a local area network (LAN) 1151 
and a general wide area network (WAN) 1152. Such net 
working environments are commonplace in offices, enter 
prise-wide computer networks, intranets, and the Internet. 
0106 When used in a LAN networking environment, the 
computer 1100 is connected to LAN 1151 through a suitable 
network interface or adapter 1148. When used in a WAN 
networking environment, the computer 1100 typically 
includes a modem 1154 or other means for establishing 
communications over the WAN 1152. The modem 1154, 
which may be internal or external, may be connected to the 
system bus 1106 via the user input interface 1142, or other 
appropriate mechanism. 

0107. In a networked environment, program modules 
depicted relative to the personal computer 1100, or portions 
thereof, may be Stored in a remote memory Storage device. 
By way of example, and not limitation, FIG. 11 illustrates 
remote application programs 1116 as residing on a memory 
device of remote computer 1150. It will be appreciated that 
the network connections shown and described are exemplary 
and other means of establishing a communications link 
between the computers may be used. 

CONCLUSION 

0108 Compared to other approaches, the inventive 
approach described attempts to understand and present a 
web page in accordance with the presentation intentions of 
its author through the WIPS analysis. Once understood, web 
page presentation design, re-authoring and the content adap 
tation are readily and Satisfactorily performed. The 
described methods and Systems are advantageously adapt 
able to the different web pages of various websites because 
of the general nature of the approach. That is, the described 
embodiments can be based on analysis of the object func 
tional properties and categories in conjunction with an 
analysis of the layout and logic Structures of a web page. AS 
a result, the methods are not only able to handle HTML 
based websites, but can also be easily extended to other web 
environments such as DHTML based websites (as set forth 
in the W3C). 
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0109) Although the invention has been described in lan 
guage Specific to structural features and/or methodological 
Steps, it is to be understood that the invention defined in the 
appended claims is not necessarily limited to the Specific 
features or Steps described. Rather, the Specific features and 
StepS are disclosed as preferred forms of implementing the 
claimed invention. 

What is claimed is: 
1. A web information presentation Structure method com 

prising: 

analyzing one or more functions associated with a web 
page on the basis of 
a layout Structure of each Said function; and 
a logic Structure of each Said function; and 

presenting the web page on a device based on Said 
analyzing. 

2. The method as defined in claim 1, wherein: 
the layout Structure of each Said function is determined by 

Steps comprising: 
grouping one or more objects associated with the web 

page into a shape that contains one Said function of 
the one or more functions, and 

Separating each Said shape from the other shapes by a 
Separator, 

the logic structure of each said function is determined by 
the Step comprising determining a position on the web 
page for each Said shape. 

3. The method as defined in claim 2, wherein: 
each said shape is a rectangle having Sides parallel or 

normal to that of the other rectangles and to the 
Separators, 

each Said function is Selected from the group consisting of 
decoration, interaction, navigation, information, and a 
mixture that includes interaction plus navigation or 

the position on the web page for each Said shape is 
Selected from the group consisting of a header, a footer, 
a left region, a right region, and a body. 

4. The method as defined in claim 2, wherein the web 
page analyzed has a layout Style different from that of the 
web page presented. 

5. The method as defined in claim 2, wherein the sepa 
rating each Said shape from the other shapes by a separator 
comprising: 

inserting blanks between the shapes, 
projecting each Said shape onto two perpendicular axes, 
quantifying the projections along each Said axis, and 
identifying each Said Separator has being normal to each 

Section along each Said axis where the quantity of the 
projections is less than a predetermined threshold. 

6. The method as defined in claim 1, wherein the layout 
Structure of each said function is determined by Steps 
comprising: 

configuring each Said function into a rectangle; 
projecting each rectangle normally onto each of perpen 

dicular axes, and 
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determining one or more Separators that are each normal 
to the axes as a function of the Sum of the projections 
on each axis. 

7. The method as defined in claim 1, wherein the layout 
Structure of each said function is determined by Steps 
comprising: 

configuring each Said function into a rectangle, and 
determining the position of each rectangle with respect to 

the web page. 
8. The method as defined in claim 7, wherein the position 

is Selected from the group consisting of a header, a footer, a 
left region, a right region, and a body. 

9. The method as defined in claim 1, wherein said 
analyzing comprises generating one or more function-based 
object models that represent objects comprising the web 
page. 

10. The method as defined in claim 9, wherein said 
generating comprises: 

identifying one or more Basic Objects associated with the 
web page, Basic Objects comprising a Smallest infor 
mation body that cannot be further divided; and 

grouping a Set of Said one or more Basic Objects into 
respective Composite Objects associated with the web 
page, Composite Objects comprising objects that con 
tain other objects and that achieve one Said function. 

11. The method as defined in claim 10, wherein Said 
presenting comprises: 

positioning each Said Composite Object on the web page 
on the basis of the corresponding function achieved 
thereby as determined from the logic Structure of each 
Said function; and 

identifying visual Separators between adjacent Composite 
Objects as determined from the layout structure of each 
Said function. 

12. One or more computer-readable media having com 
puter-readable instructions thereon which, when executed 
by one or more processors, cause the one or more processors 
to implement the method of claim 1. 

13. A web content information presentation Structure 
method comprising: 

detecting objects (Basis Objects) comprising a first web 
page, 

grouping the detected objects (Composite Objects) into 
shapes each having an area; 

deriving a layout Structure of the first web page by: 
quantifying a normal projection from each said shape 

onto two axes normal one to another; 

Summing the quantified projections along each Said 
axis, 

identifying one or more separators (dB) normal to each 
Said axis from the Sum of the quantified projections 
along each Said axis, and 

quantifying (8), using the identified one or more sepa 
rators, the distance between each said shapes and 
other shapes, 
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deriving a logic structure of the first web page by: 

generating one or more function-based object models 
(f(O)) representing the objects in each said shape; 
and 

deriving a position (p(O)) on the fist web page for each 
Said shape with respect to the other shapes, 

mapping onto a Second Web page using: 

the identified one or more Separators, and 

each Said shape using the respective quantified distance 
from the other shapes and the respective position 
with respect to the first web page. 

14. The method as defined in claim 13, wherein said 
detecting objects comprises: 

identifying one or more Basic Objects associated with the 
first web page, Basic Objects comprising a Smallest 
information body that cannot be further divided; and 

identifying one or more Composite Objects associated 
with the first web page, Composite Objects comprising 
objects that contain other objects. 

15. The method as defined in claim 13, wherein each said 
function-based object model is Selected from the group 
consisting of decoration, interaction, navigation, informa 
tion, and a mixture that includes interaction plus navigation 
or information. 

16. The method as defined in claim 13, wherein the 
position on the first web page is Selected from the group 
consisting of a header, a footer, a left region, a right region, 
and a body. 

17. The method as defined in claim 13, wherein each said 
shape is a rectangle. 

18. The method as defined in claim 13, wherein the first 
web page has a layout Style different from that of the Second 
Web page. 

19. The method as defined in claim 13, further comprising 
presenting the Second web page. 

20. One or more computer-readable media having com 
puter-readable instructions thereon which, when executed 
by one or more processors, cause the one or more processors 
to implement the method of claim 13. 

21. A web information presentation Structure method 
comprising: 

processing a first web page to provide multiple different 
functions associated with the web page, individual 
functions being contained in an individual two-dimen 
Sional shape on the first web page, each individual 
shape having: 

a weight of a normal projection onto each of a pair of 
axes normal one to the other; 

a position with respect to the first web page; and 

a distance from other shapes, 

detecting Separators between adjacent Said shapes from 
the combined weights of the projections of the Shapes 
onto the pair of axes, 
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mapping onto a Second Web page: 
the detected Separators, and 
each said shape as a function of the respective distance 

from other shapes and the respective position with 
respect to the first web page. 

22. The method as defined in claim 21, wherein each said 
function is Selected from the group consisting of decoration, 
interaction, navigation, information, and a mixture that 
includes interaction plus navigation or information. 

23. The method as defined in claim 21, wherein the 
position with respect to the first web page is Selected from 
the group consisting of a header, a footer, a left region, a 
right region, and a body. 

24. The method as defined in claim 21, wherein each said 
shape is a rectangle. 

25. The method as defined in claim 21, wherein the first 
web page has a layout Style different from that of the Second 
Web page. 

26. The method as defined in claim 21, further comprising 
presenting the Second web page. 

27. One or more computer-readable media having com 
puter-readable instructions thereon which, when executed 
by one or more processors, cause the one or more processors 
to implement the method of claim 21. 

28. A web content information presentation Structure 
method comprising: 

analyzing one or more functions associated with a first 
web page having a first layout style by generating one 
or more function-based object models that represent 
objects comprising the web page, individual objects 
comprising: 

one or more Basic Objects associated with the web 
page, Basic Objects comprising a Smallest informa 
tion body that cannot be further divided, said one or 
more Basic Objects being configured to perform one 
or more of the following functions: (1) providing 
Semantic information, (2) navigating to other 
objects, (3) providing a visual effect on the web page, 
and (4) enabling user interaction; and 

one or more Composite Objects associated with the 
web page, Composite Objects comprising objects 
that contain other objects, Said one or more Com 
posite Objects having a clustering function that is 
asSociated with a web page author's intention; and 

combining two or more of the objects into rectangles, 
individual rectangles having one or more properties 
relating to: 

a weight of a normal projection therefrom onto each of 
a pair of normal axes, and 

a position (p(O)) with respect to the first web page and 
Selected from the group consisting of a header, a 
footer, a left region, a right region, and a body; 

a function-based object model (f(O)) representing the 
objects therein and Selected from the group consist 
ing of decoration, interaction, navigation, informa 
tion, and a mixture that includes interaction plus 
navigation or information; 

deriving one or more Separators between adjacent 
shapes from a Sum of the weights of the projections 
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along each Said axis, each said Separator being 
normal to one of the axes, 

measuring the distance between respective Said shapes 
using the one or more Separators, 

mapping to a Second web page using a Second layout 
Style: 

the Separators, and 
each Said rectangle using: 

the position (p(O)) thereof; and 
the distance thereof from the other shapes, and 

presenting the Second web page. 
29. The method as defined in claim 28, wherein the 

individual objects can have a clustering relationship prop 
erty pertaining to a relationship among any root children of 
an object. 

30. The method as defined in claim 28, wherein the 
individual objects can have a presentation relationship prop 
erty pertaining to a presentation order associated with any 
root children of an object. 

31. One or more computer-readable media having com 
puter-readable instructions thereon which, when executed 
by one or more processors, cause the one or more processors 
to implement the method of claim 28. 

32. A method of web information presentation compris 
ing: 

detecting a layout Structure of an original web page as a 
function of objects (O), horizontal and vertical Separa 
tors (cp), and spatial relationships (8) by steps compris 
ing: 
identifying objects (O) in the original web page; 
identifying horizontal and vertical separators (dB) 

between the objects (O); 
identifying a spatial relationship (8) between each said 

object (O) and: 
the at least one of horizontal and vertical Separators in 
d between the objects in O; and 

the other objects in O; 
detecting a logic Structure of the original web page for 

each said object (O) by Steps comprising: 
identifying a functional property f(O) with respect to 

the original web page and Selected from the group 
consisting of decoration, interaction, navigation, 
information, and a mixture that includes interaction 
plus navigation or information; and 

identifying the positional property p(O) of each said 
object (O) and Selected from the group consisting of 
information a header, a footer, a left region, a right 
region, and a body. 

33. The method as defined in claim 32, wherein the 
identifying horizontal and vertical separators (dB) between 
the objects (O) comprises: 

dividing the objects into a plurality of Separate rectangles 
based upon the relative position of, and the function 
accomplished by, each Said object with respect to the 
other objects, 
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projecting each rectangle normally onto each of perpen 
dicular axes, and 

determining the horizontal Separators (dB) and the vertical 
separators (dB) between the objects (O) as a function of 
the Sum of the projections on each axis. 

34. The method as defined in claim 33, wherein the 
identifying the functional property f(O) of each said object 
comprises identifying an overall function accomplished by 
the objects in each rectangle and Selected from the group 
consisting of decoration, interaction, navigation, informa 
tion, and a mixture that includes interaction plus navigation 
or information. 

35. The method as defined in claim 33, wherein the 
identifying the positional property p(O) of each said object 
comprises identifying the position of each rectangle with 
respect to the web page and Selected from the group con 
Sisting of decoration, interaction, navigation, information, 
and a mixture that includes interaction plus navigation or 
information. 

36. One or more computer-readable media having com 
puter-readable instructions thereon which, when executed 
by one or more processors, cause the one or more processors 
to implement the method of claim 32. 

37. A web content adaptation method comprising: 
receiving multiple web pages that are configured for 

display on a first device type; 
processing the multiple web pages to provide multiple 

different objects associated with the web pages, indi 
vidual objects having one or more properties relating to 
functions of the individual object; 

analyzing the functions of the individual objects associ 
ated with each Said web page on the basis of a layout 
Structure of each Said function and on the basis of a 
logic Structure of each said function, wherein: 
the layout Structure of each Said function is analyzed 

by: 

grouping one or more objects associated with the 
web page into a shape that contains one Said 
function of the one or more functions, and 

Separating each said shape from the other shapes by 
a Separator, 

the logic Structure of each said function is analyzed by 
determining a position on the web page for each said 
shape; 

applying one or more rules to the objects Sufficient to 
provide multiple different web pages, each said differ 
ent web page being: 
based on Said analyzing, and 
configured for display on a Second device type that is 

different from the first device type. 
38. The method as defined in claim 37, further comprising 

presenting the multiple different web pages on the Second 
device based on Said analyzing. 

39. The method as defined in claim 37, wherein: 

each Said shape is a rectangle having Sides parallel or 
normal to that of the other rectangles and to the 
Separators, 
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each Said function is Selected from the group consisting of 
decoration, interaction, navigation, information, and a 
mixture that includes interaction plus navigation or 
information; 

the position on each Said web page for each Said shape is 
Selected from the group consisting of a header, a footer, 
a left region, a right region, and a body. 

40. The method as defined in claim 39, wherein the 
Separating each Said shape from the other shapes by a 
Separator comprises: 

inserting blanks between the shapes, 
projecting each of the shapes onto two perpendicular 

aXeS, 

quantifying the projections along each Said axis, and 

identifying each Said Separator has being normal to each 
Section along each Said axis where the quantity of the 
projections is less than a predetermined threshold. 

41. The method as defined in claim 37, wherein said 
analyzing further comprises generating one or more func 
tion-based object models that represent objects comprising 
the web page. 

42. The method as defined in claim 41, wherein said 
generating comprises: 

identifying one or more Basic Objects associated with the 
web page, Basic Objects comprising a Smallest infor 
mation body that cannot be further divided; and 

grouping a Set of Said one or more Basic Objects into 
respective Composite Objects associated with the web 
page, Composite Objects comprising objects that con 
tain other objects and that achieve one Said function. 

43. The method as defined in claim 42, wherein said 
presenting comprises: 

positioning each Said Composite Object on the web page 
on the basis of the corresponding function achieved 
thereby as determined from the logic Structure of each 
Said function; and 

identifying visual Separators between adjacent Composite 
Objects as determined from the layout structure of each 
Said function. 

44. The method of claim 37, wherein the individual 
objects can have a presentation property that defines a way 
in which the object is presented. 

45. The method of claim 37, wherein the individual 
objects can have a Semanteme property associated with the 
content of an object. 

46. The method of claim 37, wherein the individual 
objects can have a decoration property pertaining to the 
extent to which an object Serves to decorate a web page. 

47. The method of claim 37, wherein the individual 
objects can have a hyperlink property pertaining to an object 
to which another object points via a hyperlink. 

48. The method of claim 37, wherein the individual 
objects can have a interaction property pertaining to an 
interaction method of an object. 

49. The method of claim 37, wherein the individual 
objects can have a clustering relationship property pertain 
ing to a relationship among any root children of an object. 
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50. The method of claim 37, wherein the individual 
objects can have a presentation relationship property per 
taining to a presentation order associated with any root 
children of an object. 

51. The method of claim 37, wherein said processing 
comprises defining a representation of an object that 
includes any children of Said object. 

52. The method of claim 37, wherein said processing 
comprises assigning a category to one or more objects. 

53. The method of claim 51, wherein said assigning 
comprises using a rule-based decision tree to ascertain a 
category for Said one or more objects. 

54. The method of claim 51, wherein said assigning 
comprises assigning a category from a set of object catego 
ries comprising: (1) an information object that presents 
content information, (2) a navigation object that provides a 
navigation function, (3) an interaction object that provides 
for user interaction, (4) a decoration object that Serves a 
decoration function, (5) a special function object that per 
forms a defined function, and (6) a page object that is 
asSociated with presentation of related information. 

55. The method as defined in claim 37, wherein the layout 
Structure of each said function is further analyzed by: 

configuring each Said function into a rectangle; 
projecting each rectangle normally onto each of perpen 

dicular axes, and 

determining one or more Separators that are each normal 
to the axes as a function of the Sum of the projections 
on each axis. 

56. The method as defined in claim 37, wherein the layout 
Structure of each said function is further analyzed by: 

configuring each Said function into a rectangle, and 
determining the position of each rectangle with respect to 

the web page. 
57. The method as defined in claim 56, wherein the 

position is Selected from the group consisting of a header, a 
footer, a left region, a right region, and a body. 

58. One or more computer-readable media having com 
puter-readable instructions thereon which, when executed 
by one or more processors, cause the one or more processors 
to implement the method of claim 37. 

59. A computer architecture for use in adapting web 
content for display on a computing device, the architecture 
comprising: 

an analysis module for: 
receiving multiple web pages that are configured for 

display on a first device type; 
processing the multiple web pages to provide multiple 

different objects associated with the web pages, 
individual objects having one or more properties 
relating to functions of the individual object; 

analyzing the functions of the individual objects asso 
ciated with each said web page on the basis of a 
layout Structure of each said function and on the 
basis of a logic structure of each Said function, 
wherein: 

the layout Structure of each said function is analyzed 
by: 
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grouping one or more objects associated with the 
web page into a shape that contains one Said 
function of the one or more functions, and 

Separating each said shape from the other shapes 
by a separator; 

the logic Structure of each Said function is analyzed 
by determining a position for each Said shape on 
each Said web pages, 

generating, for each said Web page, one or more 
function-based object models that represent objects 
comprising each said Web page; 

one or more rules modules containing rules that are to be 
used to adapt content contained in each said webpage; 
and 

a content adaptation module configured to process the one 
or more function-based object models in accordance 
with one or more rules contained in the one or more 
rules modules to produce multiple different web pages, 
each Said different web page being: 
based on Said analyzing, and 
configured for display on a Second device type that is 

different from the first device type. 
60. The architecture as defined in claim 59, further 

comprising a presentation module for receiving Said mul 
tiple different web pages produces by the content adaptation 
module and for presenting the multiple different web pages 
on the Second device based on the rules of the one or more 
rules modules. 

61. The architecture as defined in claim 59, wherein: 
each said shape is a rectangle having Sides parallel or 

normal to that of the other rectangles and to the 
Separators, 

each Said function is Selected from the group consisting of 
decoration, interaction, navigation, information, and a 
mixture that includes interaction plus navigation or 
information; 

the position on each Said web page for each Said shape is 
Selected from the group consisting of a header, a footer, 
a left region, a right region, and a body. 

62. The architecture as defined in claim 60, wherein the 
Separating each Said shape from the other shapes by a 
Separator comprises: 

inserting blanks between the shapes, 
projecting each Said shape onto two perpendicular axes, 
quantifying the projections along each Said axis, and 
identifying each Said Separator has being normal to each 

Section along each Said axis where the quantity of the 
projections is less than a predetermined threshold. 

62. The architecture as defined in claim 59, wherein said 
analyzing further comprises generating one or more func 
tion-based object models that represent objects comprising 
the web page. 

63. The architecture as defined in claim 62, wherein said 
generating comprises: 

identifying one or more Basic Objects associated with the 
web page, Basic Objects comprising a Smallest infor 
mation body that cannot be further divided; and 
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grouping a Set of Said one or more Basic Objects into 
respective Composite Objects associated with the web 
page, Composite Objects comprising objects that con 
tain other objects and that achieve one Said function. 

64. The architecture as defined in claim 63, wherein said 
presenting comprises: 

positioning each Said Composite Object on the web page 
on the basis of the corresponding function achieved 
thereby as determined from the logic Structure of each 
Said function; and 

identifying visual Separators between adjacent Composite 
Objects as determined from the layout structure of each 
Said function. 

65. The architecture of claim 59, wherein the individual 
objects can have a presentation property that defines a way 
in which the object is presented. 

66. The architecture of claim 59, wherein the individual 
objects can have a Semanteme property associated with the 
content of an object. 

67. The architecture of claim 59, wherein the individual 
objects can have a decoration property pertaining to the 
extent to which an object Serves to decorate a web page. 

68. The architecture of claim 59, wherein the individual 
objects can have a hyperlink property pertaining to an object 
to which another object points via a hyperlink. 

69. The architecture of claim 59, wherein the individual 
objects can have a interaction property pertaining to an 
interaction method of an object. 
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70. The architecture of claim 59, wherein the individual 
objects can have a clustering relationship property pertain 
ing to a relationship among any root children of an object. 

71. The architecture of claim 59, wherein the individual 
objects can have a presentation relationship property per 
taining to a presentation order associated with any root 
children of an object. 

72. The architecture of claim 59, wherein said processing 
comprises defining a representation of an object that 
includes any children of Said object. 

73. The architecture of claim 59, wherein said processing 
comprises assigning a category to one or more objects. 

74. The architecture of claim 73, wherein said assigning 
comprises using a rule-based decision tree to ascertain a 
category for Said one or more objects. 

75. The architecture of claim 73, wherein said assigning 
comprises assigning a category from a set of object catego 
ries comprising: (1) an information object that presents 
content information, (2) a navigation object that provides a 
navigation function, (3) an interaction object that provides 
for user interaction, (4) a decoration object that Serves a 
decoration function, (5) a special function object that per 
forms a defined function, and (6) a page object that is 
asSociated with presentation of related information. 


